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ABSTRACT
Polarization measurements are presented for 52 radio-loud QSOs and BL Lac ob-
jects. For 9 highly polarized (p> 3%) AGN, these are the first published polarization
measurements. Of these 9, 7 are highly-polarized QSOs (HPQs), one is a BL Lac object
and another is a likely BL Lac object. Polarization variability is confirmed for some of
these new and previously known highly-polarized AGN. While 6 of the HPQs have flat
radio spectra are almost certainly blazars, PKS1452−217 is probably a new member
of the rare class of radio-loud QSOs that show high polarization by scattering, and is
therefore important for testing orientation Unified Schemes. In competition for the high-
est redshift HPQ are the well-observed QSO PKS0438−43 at z=2.85, with maximum
p∼4.7%, and PKS0046−315 at z= 2.72, for which we find p∼13%.
Subject headings: BL Lacertae objects: general — quasars: general — polarization —
radiation mechanisms: non-thermal — radio continuum — scattering
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1. Introduction
The optical polarization of quasars and the even
more violently variable BL Lac objects is of interest
for understanding the origin, confinement and prop-
agation of relativistic jets (e.g. Brand 1985; Sikora
et al. 1997; Wagner 1996; Gabuzda, Sitko, & Smith
1996). Thus there have been many attempts to relate
the polarization and its variability to other proper-
ties of the optical spectra (e.g. Stockman, Moore, &
Angel 1984; Mead et al. 1990), to radio spectra (e.g.
Moore & Stockman 1984), and to radio structure, es-
pecially in relation to orientation and Unified Schemes
(e.g. Rusk 1990; Antonucci & Ulvestad 1985).
The polarization of highly polarized QSOs and
BL Lac objects (collectively known as blazars) has
been extensively monitored on time scales of days
to months (e.g. Moore et al. 1982; Kidger et al.
1995). Here we present polarization measurements
made in the period 1978 – 1979, which will contribute
to studies of longer time-scale variability (Tran et al.
1998), as well as providing new data on little-studied
sources. Most of the sample consists of originally sug-
gested identifications for Parkes Survey (PKS) radio
sources. They were or have been since confirmed as
quasars. Two non-PKS sources, OX169 and OJ287
were included, sinply to see if they were polarized, or
to search for variable polarization.
2. Observations and Results
All the observations were made at the Cassegrain
focus of the Anglo Australian Telescope using the au-
tomated polarimeter (Visvanathan 1972). The po-
larimeter uses a rotating HNP′B (Polaroid, UV) lin-
ear polarizer as the analyser. To avoid apparent po-
larization caused by polarization sensitivity of suc-
ceeding optical elements, the polarizer is followed by a
fixed calcite depolarizer mounted in front of the aper-
ture wheel. The aperture wheel is followed by a star-
sky chopper that operates with a frequency of 30Hz
and which is used in conjunction with two equal-sized
apertures in the focal plane, in order to reduce the ef-
fects of short-term fluctuations in the polarized night
sky. No band pass filter was used, and the detector
was an S20 photomultiplier.
The polarizer is rotated by a stepping motor, each
step corresponding to 2◦ in polarization position an-
gle. The chopper is synchronized with the polarizer
movement such that for every position of the polar-
izer one star and one sky exposure is made. A full
rotation of the polarizer through 360◦ takes 12 sec-
onds. To obtain better statistics the observations are
continued for 4, 12, or 24 rotations. The diameters
of the apertures used were 3′′. 6 and 8′′. 1. The counts
from the star and sky are displayed, and polarization
is detected by the appearance of a double sinusoid.
At the end of the observations the sky signal is sub-
tracted from the combined object-plus-sky signal, and
polarization, p, and position angle, θ, are evaluated
using a FFT program.
The instrumental polarization of the telescope was
derived by observing unpolarized stars and was found
to be small – 0.46% ± 0.04% at 136◦. The position
angle measured from north through east has been cal-
ibrated by observing stars of known polarization.
The results are given in Table 1. Column 1 gives
the B1950 co-ordinate name. Column 2 gives the
radio survey name from the NASA Extragalactic
Database (NED1). Where only ‘PKS’ is given, the
survey name can be formed by appending the co-
ordinate name of column 1. If the optical object came
from a non-PKS reference, that name is given. Other
well-known names are given in column 3. Column
4 gives the object classification as QSO or BL Lac
object (BLL), generally based on the information in
the Ve´ron-Cetty & Ve´ron (1993) catalog, or other-
wise in NED, except for PKSB1921−293 (OV−236),
which should be classified as a BL Lac object (Wills &
Wills 1981). ‘HP’ for ‘high polarization’ means that
polarization p> 3% has been reported in the litera-
ture (Scarpa & Falomo 1997; Stickel, Meisenheimer,
& Ku¨hr 1994; Impey & Tapia 1990; Wills et al. 1992).
Column 5 gives the redshift, where available. Column
6 gives the radio spectral index, α (Fν ∝ ν
−α), de-
termined between 2.7GHz and 5GHz. Columns 7
– 9 give the UT date of observation, the percentage
polarization, p, with rms uncertainty σp, and the po-
larization position angle, θ. Note that, for σp <<
p, the rms uncertainty in θ can be estimated from
28.65 × σp/p. Correction for instrumental polariza-
tion has been made, but no correction has been ap-
plied for positive bias in p that arises from the deriva-
tion p = (Q2 +U2)1/2. For cases of large rms uncer-
tainties σp compared with p, a better estimate of the
true polarization is (p2−σp
2)1/2 (Wardle & Kronberg
1974). For comparison with our p in column 8, in col-
umn 10 we give the expected maximum contribution
from interstellar polarization in our Galaxy, isp, de-
1 http://adsabs.harvard.edu/abstract service.html
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rived from 9% ×E(B−V ) (Serkowski, Mathewson, &
Ford 1975). A likely value of interstellar polarization
can be derived from ∼4.5% ×E(B−V ), although the
uncertainties are large (and the polarization position
angle is not specified). We use values of E(B−V ) de-
rived from AB/4.1 where AB is given in NED, thanks
to Burstein & Heiles (1982). In assessing the real-
ity of polarization intrinsic to the AGN, the positive
bias should be considered, together with the possible
contribution of Galactic interstellar polarization.
3. Discussion
Table 1 gives the first published polarization mea-
surements for 9 highly polarized (p> 3%) objects: 7
QSOs (PKS 0046−315, 0422−380, 1034−374, 1207−399,
1216−010, 1256−22, & 1452−217), one BL Lac ob-
ject (PKS1307+12C), and another, apparently clas-
sified as a galaxy but likely to be a BL Lac object
(PKSB1206−238). In addition, the other measure-
ments, in combination with literature data, extend
the time coverage, as well as providing two or more
measurements that give evidence for time-variability
and hence confirmation of the synchrotron nature of
the polarization. From our data, variable polariza-
tion is seen in PKS0754+100 (OI+090.4), 0823−223,
0829+046, 1921−293 (OV−236), and PKS2155−304.
Some objects have low but significant polarization
that is likely to be intrinsic to the QSO: PKS0548−322
(see also Jannuzi, Smith, & Elston 1994), 0959−443,
1355−41 (two measurements with the same position
angle also support the intrinsic nature of p here),
1451−375 (these low values agree with previously re-
ported measurements – see Impey & Tapia 1990),
PKS1514−24 (APLibrae, known to have shown high
polarization – see the references above), and PKS2115−30.
As expected from previous statistical studies, most
of the objects with high, variable polarization have
flat radio spectra (α < 0.5). In Unified Schemes,
this means a near pole-on view of the AGN, in which
the emission from the flat spectrum, relativistically
beamed compact core dominates that from the steep
spectrum, unboosted, extended lobes. Similarly we
expect all steep radio-spectrum AGN to show low
polarization. There is one clear exception – PKS
1452−217 with α ∼ 0.70 and p ∼ 12%. Meagre
data (NED) suggest that the radio core is not vari-
able, and is completely resolved on VLBI scales (Pre-
ston et al 1985). This may be a new example of
the rare class of radio-loud quasar with high polariza-
tion arising as a result of scattering, rather than syn-
chrotron emission from a blazar jet. The classic case is
OI 287 (0752+258) (Rudy & Schmidt 1988; Goodrich
& Miller 1988; Antonucci, Kinney, & Hurt 1993), but
we know of only three other examples (Hines & Wills
1993; Hines et al. 1998; De Breuck et al. 1998; Broth-
erton et al. 1998). The steep radio-spectrum suggests
an edge-on view. A dusty disk may partially obscure
unpolarized light reaching us directly from the central
continuum and broad emission line region, allowing
scattered, polarized light to dominate. This hypoth-
esis would be consistent with its faintness (18.6m) at
UV rest wavelengths.
It is also expected that a significant polarized com-
ponent at short UV rest wavelengths (higher red-
shifts) would require an exceptionally strong syn-
chrotron component, i.e. one that dominates the
‘normal’ QSO continuum and broad emission lines.
This is because, in radio-selected AGN, the optical
synchrotron spectrum is generally steep (Fν ∝ ν
−2)
compared with the normal (unpolarized) optical spec-
trum with α ∼0.5 – 1 (Wills 1991; Wills et al. 1992).
Most AGN in Table 1 have low redshifts (z
∼
< 1), but
PKS0046−315 is exceptional with z = 2.721 and p
∼13%. It is also one of the more optically luminous
QSOs known (Mabs = −29.5, Ve´ron-Cetty & Ve´ron
1993). This led us to examine the redshift determi-
nation, but it appears to be quite secure (Wilkes et
al. 1983; Peterson et al. 1976). In strong support of
the presence of a significant synchrotron continuum
is the reported large amplitude, rapid variability of
1m over 2 months in 1975 (Peterson et al. 1976).
Thus PKS0046−315 appears to be the highest red-
shift blazar found so far. However, we note that
PKS0438−43 has z = 2.852, but the maximum po-
larization is significantly less, p∼4.7% ±1% (Impey
& Tapia 1990).
We thank Bruce Peterson for help with these ob-
servations, and David Jauncey for encouragement to
carry them out. We also thank Mike Sitko for helpful
refereeing. BJW is grateful for support from NASA,
under Long Term Space Astrophysics grant NAG5-
3431. This research has made use of the NASA/IPAC
Extragalactic Database (NED) which is operated by
the Jet Propulsion Laboratory, California Institute of
Technology, under contract with the National Aero-
nautics and Space Administration.
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Table 1
Polarization Measurements
Name Original Name Other Name Class z αa UT Date pb(%) θ(◦) ispc(%)
0046−315 PKS QSO 2.721 0.00 1978 12 27 13.3± 2.0 159 0.0
0301−243 PKS BLL HP · · · 0.47 1978 12 27 11.7 1.0 57 0.0
0422−380 PKS QSO 0.782 −0.82 1978 12 27 6.2 3.0 173 0.3
0448−392 PKS QSO 1.288 0.00 1978 12 27 2.9 1.0 49 0.0
0521−365 PKS0521−36 BLL HP 0.39 1978 12 27 6.4 0.5 145 0.1
0537−441 PKS BLL HP 0.896 −0.05 1978 12 27 3.4 0.5 160 0.2
0548−322 PKS BLL HP 0.069 0.54 1978 12 27 2.4 0.8 24 0.0
1979 05 20 2.5 0.5 78
0629−418 PKS QSO 1.416 −0.54 1979 05 19 3.4 1.0 177 0.5
0637−752 PKS0637−75 QSO 0.654 −0.51 1978 12 27 1.9 0.3 15 1.0
0735+178 PKS0735+17 BLL HP >0.424 −0.14 1979 05 20 15.3 0.7 33 0.3
0754+100 PKS OI+090.4 BLL HP 0.66 −0.24 1978 12 27 9.5 0.5 55 0.0
1979 05 20 4.8 0.3 66
0808+019 PKS BLL HP · · · 0.09 1979 05 19 8.8 0.5 127 0.2
0818−128 PKS BLL HP · · · 0.02 1979 05 19 18.2 0.5 90 0.7
0823+033 PKS BLL HP 0.506 −0.73 1979 05 19 0.3 0.3 86 0.3
0823−223 PKS BLL HP >0.910 −0.27 1978 12 27 8.5 0.5 122 0.6:
1979 05 20 12.7 0.4 128
0829+046 PKS BLL HP 0.18 −0.07 1978 12 27 10.5 0.6 26 0.1
1979 05 19 20.5 0.7 58
0851+202 OJ287 BLL HP 0.306 0.42 1978 12 27 12.2 1.0 76 0.2
0858−771 PKS0858−77 QSO 0.490 0.39 1978 12 27 2.4 0.6 119 1.2
0959−443 PKS QSO 0.837 0.08 1978 12 27 2.3 0.7 174 0.4:
1020−103 PKS QSO 0.197 0.43 1979 05 19 0.4 0.4 111 0.4
1034−293 PKS QSO HP 0.312 −0.20 1979 05 19 15.3 0.3 148 0.3
1034−374 PKS QSO 1.821 0.33 1978 05 19 4.2 0.5 62 0.5
1101−325 PKS QSO 0.354 0.39 1978 12 27 2.3 0.5 35 0.9
1155+169 PKS QSO 1.05 0.08 1979 05 19 0.3 0.4 65 0.2
1204−126 PKS1204−12 QSO · · · 0.77 1979 05 19 3.0 1.0 69 0.4
1206−238 PKSB1206−238 gal? · · · −0.60 1979 05 20 8.6 1.0 24 0.7
1207−399 PKS QSO 0.966 0.17 1979 05 19 4.2 0.8 82 1.0
1216−010 PKS QSO 0.415 −0.63 1979 05 19 6.9 0.8 8 0.2
1243−412 PKS QSO · · · 0.59 1979 05 20 2.6 1.0 16 1.1
1256−220 PKS1256−22 QSO 1.306 −0.59 1979 05 20 5.2 0.8 160 0.6
1301−192 PKS QSO · · · 0.81 1979 05 20 2.0 0.5 79 0.5
1302−102 PKS QSO 0.286 −0.06 1979 05 19 1.0 0.4 70 0.2
1307+121 PKS1307+12C 4C12.46 BLL · · · −1.08 1979 05 20 5.4 0.5 20 0.0
1349−439/R PKS BLL HP · · · −0.55 1979 05 19 21.5 0.5 179 0.8
1355−416 PKS 1355−41 QSO 0.313 0.89 1979 05 19 1.8 0.4 90 0.6
1979 05 20 2.4 0.6 88
1400+162 PKS1400+16 BLL HP 0.245 0.10 1979 05 19 14.2 0.6 92 0.0
1979 05 20 16.2 0.8 99
1451−375 PKS QSO 0.314 −0.32 1979 05 19 2.2 0.5 73 0.6
1979 05 20 2.6 0.6 80
1452−217 PKS QSO 0.773 0.70 1979 05 19 12.4 1.5 60 0.8
1514+197 PKS BLL HP · · · −0.21 1979 05 20 16.8 3.0 65 0.4
1514−241 PKS1514-24 AP Librae BLL HP 0.048 0.14 1979 05 19 1.1 0.2 9 1.5
1979 06 24 3.1 0.1 3
1532+016 PKS 1532+01 QSO HP 1.435 0.26 1979 05 19 7.9 1.0 175 0.5
1912−549 PKS QSO 0.398 0.70 1979 05 19 2.8 0.8 54 0.4
1979 05 20 2.9 0.6 67
1921−293d PKSB1921-293 OV−236 BLL HP 0.352 −1.01 1979 05 19 20.9 0.4 98 1.0
1979 06 14 13.7 0.2 61
1954−388 PKS QSO HP 0.630 0.00 1979 05 20 6.5 1.5 162 0.8
2115−305 PKS2115−30 QSO 0.980 0.84 1979 05 19 3.4 0.4 67 0.6
2128−123 PKS2128−12 QSO 0.501 −0.04 1979 05 19 1.9 0.4 64 0.4
2135−147 PKS2135−14 QSO 0.200 0.75 1979 05 19 1.1 0.4 100 0.4
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Table 1—Continued
Name Original Name Other Name Class z αa UT Date pb(%) θ(◦) ispc(%)
2141+175 OX169 QSO 0.213 −0.49 1979 05 19 1.3 0.4 66 1.0
2145+067 PKS2145+06 QSO 0.990 −0.39 1979 05 19 1.0 0.6 129 0.3
2155−304 PKS BLL HP 0.116 0.15 1979 05 19 4.5 0.1 31 0.0
1979 06 14 6.1 0.2 32
2216−038 PKS2216−03 QSO 0.901 −0.73 1979 05 19 0.8 0.7 116 0.5
2223−052 PKS2223−05, 3C 446 QSO HP 1.404 0.08 1979 05 19 9.6 0.6 161 0.5
aThe radio spectral index, α, between 2.7GHz and 5GHz is defined by Fν ∝ ν−α.
bNo correction has been applied for positive bias in p (see §2).
cThis is an upper limit to the degree of the interstellar polarization in our Galaxy (see §2).
dWe classify 1921-293 (OV−236) as a BL Lac object, rather than QSO as given in the literature, because the optical spectrum
showed only narrow emission lines (Wills & Wills 1981).
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